Developmental dysplasia of the hip (DDH) is a spectrum of hip joint abnormalities ranging from mild temporary instability to frank dislocation (1) . The overall DDH risk is about 1 per 1000 according to the statistics (2) Mild cases of DDH usually resolve spontaneously. However, late diagnosis of DDH probably result in early development of degenerative osteoarthritis (OA), which may cause great burdens to the patients in the future (3) . A registry based study demonstrated that 29% of primary hip replacements in people under 60 years was attributed to DDH (4) . Although the detailed etiology of DDH remains unknown, genetic and environmental factors may serve as internal or external components respectively (5) (6) . It is believed recently that rather than congenital factors, acquired influences may play more important roles in the progression of DDH (7), implicating that most cases of DDH appear gradually with growth and could be prevented.
Increasing amounts of evidence has shown that chondrocyte apoptosis play a great role in cartilage development, aging and disease (8) (9) . Chondrocyte apoptosis is of great clinical significance as it often occurs in secondary osteoarthritis (10) (11) . It has been proven that chondrocyte death may accelerate the progression of osteoarthritis (12) . In addition, the localization of chondrocyte apoptosis near the lesion area of osteoarthritic cartilage further emphasizes the importance of chondrocyte death in the progression of OA (13) (14) . To prevent chondrocyte apoptosis may benefit cartilage metabolism, thus obtaining favorable prognosis of DDH.
To our knowledge, the fate of articular cartilage following chondrocytes following DDH model, has not been documented. Therefore, the aim of the current study is to investigate the changes of chondrocyte apoptosis in hip cartilage during the cast plaster-induced joint dislocation in a rabbit DDH model.
MATERIALS AND METHODS

Materials and modeling
The study was performed in conformity with the ethical guidelines of the Declaration of Helsinki. This program was approved by School of Medicine Animal Care and Investigational Committee in our institution. Three groups of male, 4-week old New Zealand rabbits weighing from 450 to 550 g were used. There were 12 rabbits with hips dislocated for 2 weeks and 10 rabbits each in two groups with hips dislocated using cast plaster for 4 weeks and 6 weeks, respectively. In brief, the lower body, hips and the limbs were immobilized with the hip flexion of 120°, abduction of 60°and knee joint extension. The contralateral hip joint was utilized as control group (dislocation followed by immediate reduction). Animals were anaesthetized using 5% intramuscular hydrochloride ketamine. The initial dose given was 1mg/mL bodyweight. The rabbits' respiratory rate and reaction were monitored simultaneously in the process of modeling. Success of DDH modeling was identified through the presence of increased acetabular index, discontinued Shenton line, and dislocation of the femoral head according to the X-ray plain.
Tissue pretreatment
Acetabular cartilage tissues were obtained in each group at 2, 4, 6 weeks, respectively. Cartilage tissues for western blot were directly stored in -80ºC until lysis. The remaining cartilage tissues were fixed in 10% formalin and stored at 4ºC for 10 days. Specimens were then decalcified in a routine prices for 3-4 weeks at 4ºC. The solution was changed twice per week. Specimens were then cut and embedded in paraffin. Embedded specimens were sliced into 5-lm-thick slices in the coronal plane and stained with hematoxylin and eosin.
Morphological changes observation by transmission
electron microscopy Apoptotic morphology of chondrocytes can be observed directly using transmission electron microscopy (TEM). Briefly, the acetabular cartilage tissues were fixed and then decalcified as described previously (15) . Then they were embedded and cut into sections stained with uranyl acetate and lead citrate. The sections were viewed in a transmission electron microscope at 80 kV (Philips; Amsterdam, Holland).
TUNEL assay
After the pretreatment process, the slides were stained utilizing in situ cell death detection POD kit (Roche; Penzberg, Germany), based on the manufacturer's procedure. Prior to diaminobenzidine (DAB) coupling. Each slide was examined in five fields at x400 magnification and read three times by two pathologists. Then, the mean number of positive chondrocytes was divided by the total number of chondrocytes to calculate the TUNEL-positive chondrocyte ratio.
Western blot analysis
Western blot was performed by the chemiluminescence method. Protein concentration was determined by the bicinchoninic acid assay (BCA) method. The membranes were first blocked with 5% milk and then incubated respectively with mouse anti-actin (Chemicon; Billerica, MA, United States); rabbit anti-cleaved-caspase-3 (Chemicon), cleaved caspase-8 (Chemicon), rabbit anti-Bcl-2 (Santa Cruz Biotechnology; Dallas, TX, United States) and rabbit anti-Bax (Santa Cruz). Immunoreactive reactions were assessed using ECL system and quantified by designated software.
Statistics
All data were demonstrated as the mean±SD. Statistical Package for the Social Sciences version 16.0 for Windows (SPSS Inc.; Chicago, IL, USA) was utilized for statistical analysis. Kolmogorov-Smirnov test was used test normality distribution of all expression values of apoptosis rate and tested apoptosis related proteins. One-way analysis of variance (ANOVA) were applied to compare the differences between groups. Bartlett's test was used to test the homogeneity of group variances, followed with Tukey or Tamhane post-hoc tests, where appropriate. The statistical power was also calculated. A p value of <0.05 was regarded statistically significant.
RESULTS
Radiographic changes
To monitor the whole process of modeling, we accordingly performed X-ray plain to observe the dislocation of hip. The Xray before modeling was regarded as control group (Figure 1a) .
Balkan Med J, Vol. 33, No. 6, 2016 In the first 2 weeks, dysplasia without subluxation exists could be observed. The head is insufficiently covered by the acetabulum, without proximal displacement of the proximal femur (Figure 1b) . In the 4-week group, the head and acetabulum began to display partial contact (subluxation) (Figure 1c ). In the 6-week group, there was no contact existing between the femoral head and acetabulum with the broken Shenton's line (dislocation) (Figure 1d ).
HE staining and TUNEL analysis
Hematoxylin and eosin staining demonstrated that there was significant difference in appearance of chondrocyte and cartilage thickness between the 6-week group and control group (Figure 2a, b) . For TUNEL analysis, there is an increased number of apoptotic nuclei in the 4-week group and 6-week group compared with the control group respectively (*p<0.05 and **p<0.01). Although the number of apoptotic nuclei was increased in the 2-week group as compared with control, statistics did not reach significant difference (p>0.05) (Figure 3a TUNEL analysis For TUNEL analysis, there is an increased number of apoptotic nuclei in the 4-week group and 6-week group as compared with the control group respectively (*p<0.05 and **p<0.01). Although the number of apoptotic nuclei was increased in 2-week group compared with control, statistics did not reach significant difference (p>0.05) (Figure 3a-e) .
Transmission electron microscopy
In the control group, the normal acetabular chondrocytes were round and normal, with an entire membrane as well as abundant figure and evenly distributed chromatin (Figure 4a ). However, in the experimental side, acetabular chondrocytes were shown at 2, 4 and 6 weeks with manifestations of apoptosis (Figure 4b-d) .
Apoptosis related protein assessment
Western blot analysis was used to assess the expression levels of several apoptosis related proteins to determine the chondrocytes apoptosis rate. Following 2-, 4-week and 6-week immobilization, protein levels of Bcl-2, Bax, Caspase3 and Caspase8 were detected. The results revealed significantly reduced expression Bcl-2/Bax ratio (**p<0.01), whereas Caspase3, and Caspase8 were gradually increased in the experiment groups (*p<0.05, **p<0.01) (Figure 5a-c) .
DISCUSSION
The current study focused on acetabular chondrocyte apoptosis in a rabbit model of cast plaster immobilization. We demonstrate from different aspects that prolonged immobilization of rabbit hip caused chondrocyte apoptosis. The apoptotic degree after joint immobilization is in a time-dependent manner. The joints that remained dislocated at 6 weeks exhibited the highest apoptotic index. These findings made clinical significance as they implicated that chondrocytes apoptosis is closely related to continuous joint dislocation.
The most widely used term of DDH in the past was the acronym: congenital dislocation of the hip (CDH) (16) . It has gradually been recognized that this disorder is not always congenital (17) . The change of naming and definition of this disorder indicates that acquired influences may play pivotal parts in the disease progression.
Chondrocyte apoptosis has been demonstrated to be engaged in the pathogenesis of OA. Human and animal studies of OA have shown that chondrocyte death by apoptosis is at least partly responsible for reduced cellularity, cartilage breakdown and matrix turnover abnormalities (18) . Therefore, chondrocyte apoptosis may be not only the result of disorder, but also a factor causing vicious cycle in disease progression.
In the present study, we utilized cast immobilization model with hip flexion and knee joint extension as DDH modeling, which renders the hip joint dislocated. We first used transmission electron microscopy and the TUNEL assay to examine apoptosis and found morphological changes with signs of apoptosis and increased chondrocyte death. Next, we performed western blot analysis of several apoptosis related proteins. Previous studies have demonstrated that the expression of Bcl-2 plays an apoptosis-inhibiting role, whereas the expression of Bax plays a contrary role (19, 20) . survival of the cells. In this study, the rate of apoptotic chondrocytes was in consistent with the decreased ratio of Bcl-2/ Bax expression. The caspase family of enzymes also plays a pivotal role in the process of cell apoptosis (21) . Caspase-8 is an initiator caspase to cleave inactive pro-forms of effector caspases, thereby activating them to trigger apoptosis (22) . It is activated in response to agents or insults inducing the release of cytochrome from the inner mitochondrial membrane (23), playing a crucial role in generating cell apoptosis downstream pathway (24) . Caspase-3 is required for cell deaths and distinct apoptotic processes (25) . Generally, caspase-3 is activated by initiator caspases such as caspase-8 and cleaves important vital intracellular proteins (25) . Here, we also found caspase-3 and caspase-8 expression elevated as immobilization prolonged. One limitation should be pointed out in our study. After calculation, the statistical power is 0.73<0.80. Perhaps this is attributed to the small cases of animals we utilized. Therefore, further larger size of samples should be used to enhance the statistical power.
Collectively, we observed excessive chondrocyte apoptosis in the process of cast immobilization in early and middle phase, which emerges as an important factor leading to the degeneration of the acetabular cartilage and accelerate the development of disease. To prevent the chondrocyte apoptosis or to remove factors (like subluxation or dislocation) resulting in chondrocyte apoptosis in the early phase may serve as a potential way to promote the acetabular dysplasia.
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